QSAR studies have been performed on twenty-one molecules of 1,3,4-oxadiazoline-2-thiones. The compounds used are among the most thymidine phosphorylase (TP) inhibitors. A multiple linear regression (MLR) procedure was used to design the relationships between molecular descriptor and TP inhibition of the 1,3,4-oxadiazoline-2-thione derivatives. The predictivity of the model was estimated by cross-validation with the leave-one-out method. Our results suggest a QSAR model based of the following descriptors: logP, HE, Pol, MR, MV, and MW, qO1, SAG, for the TP inhibitory activity. To confirm the predictive power of the models, an external set of molecules was used. High correlation between experimental and predicted activity values was observed, indicating the validation and the good quality of the derived QSAR models.
INTRODUCTION
QSAR, a quantum chemical technique is known to relate the biological activity of compounds with their molecular structure and has been extensively used as predicting tool in rational drug design [1] . Quantitative structure -activity relationships (QSARs), as one of the most important areas in chemometrics, QSAR models are mathematical equations relating chemical structure to their biological activity. QSAR are attempts to correlate molecular structure, or properties derived from molecular structure with a particular kind of chemical or biochemical activity [2] .
Multiple linear regression (MLR) is also a mathematical tool that quantifies the relationship between a dependent variable and one or more independent variables. Thus, angiogenesis inhibitors are believed to be potential candidates for blocking cancer growth. In particular, thymidine phosphorylase (TP) is a pro-angiogenic factor which catalyzes the reversible phosphorolysis of thymidine into thymine and 2'-deoxy-D-ribose 1-phosphate [3] . TP inhibitors affect the production of 2-deoxy-D-ribose and in turn suppress tumor growth. Therefore, there is an urgent need to develop new and potent thymidine phosphorylase inhibitors which have the ability to suppress the formation of new blood vessels and stop tumor growth. A number of efforts have been reported on the development of TP inhibitors [4] .
Drug-likeness is a qualitative concept used in drug design, which is estimated from the molecular structure before the substance is even synthesized and tested. The calculation of drug-like property can give us better assumption of biological activity of certain molecule. The theoretical calculation of certain properties of a molecule can fill the parameters, which are essential to show certain biological activity. Lipinski's rule of five (ROF) is a rule of thumb to evaluate drug-likeness or determine a chemical compound with a certain pharmacological or biological activity that would make it a likely orally active drug in humans [5] .
The ROF is based on four properties of molecules, namely, molecular weight (MW), logP, number of hydrogen-bond donors (HBD) taken as equivalent to the number of -OH and -NH groups, and the number of hydrogen-bond acceptors (HBA) taken as equivalent to the number of oxygen and nitrogen atoms.
A 'flag' is set if a molecule's MW is greater than 500, its logP is greater than 5, the number of its HBDs exceeds 5 and the number of its HBAs exceeds 10. Because the values of the decision points for all of the property values are multiples of five, the above set of rules has been called the 'Rule of Five.' The total number of violations is the ROF-Score, which lies between '0' and '4' [6] .
Following our interest in this field, our present research aimed to describe the structureproperty relationships study on 1,3,4-oxadiazoline-2-thiones and developed a QSAR model on these compounds with respect to their TP inhibitory activity (TPI).
EXPERIMENTAL

1. Biological data
The activity parameter used in this study is thymidine phosphorylase (TP) inhibitory activity. The studied compounds are TP inhibitors which inhibit tumor growth. Interestingly, all these compounds were active and showed TP inhibition with IC50 values ranged between 14.40 ±2.45 and 173.23 ±3.04 μM [7] .
Descriptors generation
Firstly, the twenty-one investigated molecules were pre-optimized by means of the Molecular Mechanics Force Field (MM+) included in HyperChem version 8.03 package [8] . After that, the resulted minimized structures were further refined using the semi-empirical PM3 Hamiltonian implemented also in HyperChem. We chose a gradient norm limit of 0.01kcal/Å for the geometry optimization. Then, these 1,3,4-oxadiazoline-2-thiones were reoptimized by using Gaussian 09 program package [9] , at the density functional theory level DFT using Becke's three-parameter Lee-Yang-Parr (B3LYP) , with the 6-311G d, p basis set, this theory was used to calculate a number of electronic descriptors: dipole moment (DM), energy of frontier orbital's, EHOMO and ELUMO, and atomic net charges (qO1, qC2,qN3,qN4,qC5,qS6).
The QSAR properties module from HyperChem 8.03 was used to calculate: molar polarizability (Pol), the molar refractivity (MR), partition coefficient octanol/water (log P),
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ILCPA Volume 37 hydration energy (HE), molar volume (MV), Surface area grid (SAG) and molar weight (MW). Calculation of log P is carried out using atomic parameters derived by Viswanadhan and coworkers [10] . Computation of molar refractivity was made via the same method as logP. Ghose and Crippen presented atomic contributions to the refractivity [11] . Solventaccessible surface bounded molecular volume and van der Waals-surface-bounded molecular volume calculations are based on a grid method derived by Bodor et al., [12] using the atomic radii of Gavezotti [13] . Polarizability was estimated from additivity scheme given by Miller with a 3 % in precision for the calculation [14] , where different increments are associated with different atom types.
3. Regression analysis
Multiple linear regression analysis of molecular descriptors was carried out using the stepwise strategy in SPSS version 19 for Windows [15] .
RESULTS AND DISCUSSION
1. Structure activity relationships (SAR)
We have studied seven physical chemical proprieties of series of twenty-one 1,3,4-oxadiazoline-2-thione derivatives (3a-3u) in which, various degrees of substituents on phenyl have been introduced, these substituents include electron donating group such as methoxy and electron withdrawing group like nitro [7] , using HyperChem software. QSAR proprieties such as van der Waals surface molecular volume, octanol-water partition coefficient (log P), molar refractivity (MR), polarizability (Pol), solvent-accessible, surface bounded molecular volume and molecular weight (M) were investigated Molecular polarizability of a molecule characterizes the capability of its electronic system to be distorted by the external field, and it plays an important role in modeling many molecular properties and biological activities [16, [21] [22] [23] [24] . The attractive part of the Van der Waals interaction is a good measure of the polarizability. Highly polarizable molecules can be expected to have strong attractions with other molecules. The polarizability of a molecule can also enhance aqueous solubility. The molar refractivity (MR) is important criterion to measure the steric factor. It is usually designated as a simple measure of the volume occupied either by an individual atom or a cluster (group) of atoms [17] . Polarizability and molar refractivity relatively increase with the size and the molecular weight of the studied phenothiazines (Table 2 ). This result is in agreement with the formula of Lorentz-Lorenz which gives a relationship between polarizability, the molar refractivity and volume [18] . This relationship shows that the polarizability and the molar refractivity increase with the volume and the molecular weight. For example, the compound 6 has great values of polarizability (43.43) and molar refractivity (118.54). In contrast, the compound 10 is the small molecule in the series of studied 1,3,4-oxadiazoline-2-thiones, which has a small value of polarizability (34.18), and of molar refractivity (94.82) . The presence of the hydrophobic groups in the structure of the 1,3,4-oxadiazoline-2-thiones induces a decrease of the hydratation energy, however, the presence of hydrophilic groups increases the hydratation energy ( Table 2) .
The most important hydratation energy in the absolute value, (11.24 kcal/mol) is that of the compound 8, but the lower one (5.32 kcal/mol) was performed for the compound 13 ( Table 2) . Indeed in the biological environment the polar molecules are surrounded by water molecules where the Hydrogen bonds can be established between the water molecule and the molecules under study. The donor sites of proton interact with the oxygen atom of water and the acceptor sites of proton interact with the hydrogen atom. The first corresponds to the complex having strongest hydrogen bond. At least, these hydrated molecules are partially dehydrated before their interaction. These interactions of weak energy are generally reversible in particular between messengers and receivers.
Compound 8 has one donor site of proton (1NH), but it has nine acceptor sites of proton (4N and 4O, 1S ).On the other hand, the compound 13 has one donor site of proton (1NH), but it has five acceptor sites of proton (3N, 1O, 1S ). The first having higher value, it has four more acceptor sites of proton. This property supports the compound 8 not only by fixing the receptors, but also activates it by playing the role of agonist. It has as a consequence a better distribution in fabrics [19] .
Lipophilicity is a property that has a major effect on solubility, absorption, distribution, metabolism, and excretion properties as well as pharmacological activity. Hansch and Leo reasoned that highly lipophilic molecules will partition into the lipid interior of membranes
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ILCPA Volume 37 and retained there. For good oral bioavailability, logP must be in the range (0 < logP < 3). For higher logP the drug has low solubility and for lower logP, the drug has difficulty to penetrate the lipid membranes [3] . In opposition to hydratation energy, the presence of the hydrophobic groups in the structure of the 1,3,4-oxadiazoline-2-thiones induces an increase of the lipophilicity. Compound 8 presents the low coefficient of division (-0.90). When the coefficient of division is rather low, it has as a consequence a better gastric tolerance. Compounds 11 and 13 which have higher value (3.15), have capacities to be dependent on plasmatic proteins.
2. Quantitative structure-activity relationships studies
Firstly, different substituted 1,3,4-oxadiazoline-2-thiones (Table 1) were evaluated for their TP inhibitory activity. The biological parameter (IC50) was introduced in this search and the results are illustrated in Table 1 . In order to determine the role of structural features. A series of twenty-one 1,3,4-oxadiazoline-2-thiones was investigated by QSAR method.
These compounds were used for multilinear regression model generation. Different physicochemical descriptors such as steric, electronic and molecular structure were used as independent variables and were correlated with biological activity.
Developing a QSAR model requires a diverse set of data, and, thereby a large number of descriptors have to be considered. Descriptors are numerical values that encode different structural features of the molecules.
Selection of a set of appropriate descriptors from a large number of them requires a method, which is able to discriminate between the parameters. Pearson's correlation matrix has been performed on all descriptors by using SPSS Software. The analysis of the matrix revealed sixteen descriptors for the development of MLR model. The values of descriptors selected for MLR model are presented in Table 2 .
The correlation between the biological activity (IC50) and descriptors expressed by the following relation: The values of fraction variance may vary between 0 and 1. QSAR model having r 2 ˃ 0.6 will only be considered for validation. For example, the value r = 0.848 and r 2 = 0.719 allowed us to indicate firmly the correlation between different parameters (independent variables) with TP inhibition of the compounds.
The F-value has found to be statistically significant at 95 % level, since the calculated F value is higher as compared to tabulated value. The positive value of quality factor (Q) for this QSAR's model suggests its high predictive power and lack of over fitting.
In equation of PIC50, the negative coefficients of MV and MW explain that any increase in molecular volume or molecular weight of the compounds causes a decrease in the biological activity.
In order to test the validity of the predictive power of selected MLR model (eq. PIC50), the leave-one-out technique (LOO technique) was used. The developed models were validated by calculation of the following statistical parameters: predicted residual sum of squares (PRESS), total sum of squares deviation (SSY) and cross-validated correlation coefficient (r 2 adj) ( Table 3) .
International Letters of Chemistry, Physics and Astronomy Vol. 37 PRESS is an important cross-validation parameter as it is a good approximation of the real predictive error of the model. Its value being less than SSY points out that model predicts better than chance and can be considered statically significant. The smaller PRESS value means the better of the model predictability. From the results depicted in Table 3 , the model is statistically significant.
Also, for reasonable QSAR model, the PREES/SSY ratio should be lower than 0.4 [3] . The data presented in Table 3 indicate that for the developed model this ratio is 0.280. Our result of r 2 cv for this QSAR model has been to be 0.719. The high value of r 2 cv and r 2 adj are essential criteria for the best qualification of the QSAR model.
However, the only way to estimate the true predictive power of developed model is to predict the by calculation of PIC50 values of the investigated 1,3,4-oxadiazoline-2-thiones using this model (Table 1) . Figure 1 shows the plots of linear regression predicted versus experimental value of the biological activity of 1,3,4-oxadiazoline-2-thiones outlined above. The plots for this model show to be more convenient with r 2 = 0.719. It indicates that the model can be successfully applied to predict the TP inhibitory activity of these compounds. 
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Drug-like calculation on the basis of Lipinski rule of five
Drug-like appears as a promising paradigm to encode the balance among the molecular properties of a compound that influences its pharmacodynamics and pharmacokinetics and ultimately optimizes their absorption, distribution, metabolism and excretion (ADME) in human body like a drug. The empirical conditions to satisfy Lipinski's rule and manifest a good oral bioavailability involve a balance between the aqueous solubility of a compound and its ability to diffuse passively through the different biological barriers [8] . These parameters allow ascertaining oral absorption or membrane permeability that occurs when the evaluated molecule follows Lipinski's rule of five since molecular weight (MW)  500 Da, an octanolwater partition coefficient log P  5, H-bond donors, nitrogen or oxygen atoms with one or more hydrogen atoms (HBD)  5 and H-bond acceptors, nitrogen or oxygen atoms (HBA)  10.
Molecules that violate more than one of these rules may have problems with bioavailability. Therefore, this rule establishes some structural parameters relevant to the theoretical prediction of the oral bioavailability profile, and is widely used in designing new drugs. However, classes of compounds that are substrates for biological transporters such as antibiotics, antifungals, vitamins, and cardiac glycosides, are exceptions to the rule. The total number of violations is the ROF-Score, which lies between 0 and 4 [20] .
The calculation results (Table 4) show that all the studied compounds agree with Lipinski rules with ROF-Score  1, suggesting that these compounds theoretically would not have problems with oral bioavailability. Molecules with ROF-Scores greater than one are considered to be marginal for further development. Although, as pointed out by Lipinski and co-workers. Lastly, it is well known that many drugs violate the ROF, but this is not a serious issue since it was not originally designed as a tool for assessing drug likeness. Nevertheless, its common usage for this purpose has, de facto, made it so in practice. 
CONCLUSIONS
Based on the present investigation it can be concluded that the model " PIC50 = 3.028 -0.542 log P + 0.352HE -1.272Pol + 0.863MR -0.038MV -0.024MW + 19.120qO1 +
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ILCPA Volume 37 0.024SAG" can be useful for predicting the activity of new 1,3,4-oxadiazoline-2-thione derivatives prior to their synthesis. LogP, HE, Pol, MR, MV, and MW, qO1, SAG, are reliable descriptor for predicting activity. QSAR model indicates that these descriptors have significant relationships with observed bioactivity. We have observed a high relationship between experimental and predicted activity values, indicating the validation and the excellent quality of the derived QSAR model. The application of Lipinski rules on the studied 1,3,4-oxadiazoline-2-thione derivatives shows that all these compounds, theoretically, will not have problems with oral bioavailability.
